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Abstract
Background: Case-finding tools, such as the Identify Chronic Migraine (ID-CM) questionnaire, can improve
detection of CM and alleviate its significant societal burden. We aimed to develop and validate the Italian version of
the ID-CM (ID-EC) in paper and as a smart app version in a headache clinic-based setting.
Methods: The study investigators translated and adapted to the Italian language the original ID-CM questionnaire
(ID-EC) and further implemented it as a smart app. The ID-EC was tested in its paper and electronic version in
consecutive patients referring to 9 Italian tertiary headache centers for their first in-person visit. The scoring
algorithm of the ID-EC paper version was applied by the study investigators (case-finding) and by patients (self-
diagnosis), while the smart app provided to patients automatically the diagnosis. Diagnostic accuracy of the ID-EC
was assessed by matching the questionnaire results with the interview-based diagnoses performed by the
headache specialists during the visit according to the criteria of International Classification of Headache Disorders,
III edition, beta version.
Results: We enrolled 531 patients in the test of the paper version of ID-EC and 427 in the validation study of the
smart app. According to the clinical diagnosis 209 patients had CM in the paper version study and 202 had CM in
the smart app study. 79.5% of patients returned valid paper questionnaires, while 100% of patients returned valid
and complete smart app questionnaires. The paper questionnaire had a 81.5% sensitivity and a 81.1% specificity for
case-finding and a 30.7% sensitivity and 90.7% specificity for self-diagnosis, while the smart app had a 64.9%
sensitivity and 90.2% specificity.
Conclusions: Our data suggest that the ID-EC, developed and validated in tertiary headache centers, is a valid case-
finding tool for CM, with sensitivity and specificity values above 80% in paper form, while the ID-EC smart app is
more useful to exclude CM diagnosis in case of a negative result. Further studies are warranted to assess the
diagnostic accuracy of the ID-EC in general practice and population-based settings.
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Introduction
Chronic migraine (CM) has an estimated prevalence of
2–3% in the general population [1, 2] and is associated
with low health-related quality of life, significant loss of
productive time and utilization of healthcare resources
[3, 4], and a high prevalence of medication overuse [5].
Case-finding tools might improve the detection of CM,
which remains underdiagnosed and undertreated world-
wide despite its substantial burden [6]. Among those
tools, the self-administered Identify Chronic Migraine
(ID-CM) showed good diagnostic accuracy in a
Web-based sample from a research panel [7]. The
present study aimed to develop and validate an Italian
version of the ID-CM, the IDentificatore di Emicrania
Cronica (ID-EC; in English, ‘CM identifier’), in a paper
form and in an electronic version as a ‘smart app’ in a
nationwide, tertiary headache clinic-based setting. A sec-
ondary objective of the study was the assessment of ac-
ceptability of the tool by the patients.
Materials and methods
The study was approved by the local Ethics Committee
of each of the 9 participating tertiary Headache Centers
(Fig. 1). Each participant in the study signed an informed
written consent.
Development of the ID-EC
To develop the 12-item ID-EC, one study investigator
(SS) translated the original version of the ID-CM into
Italian. The translation was shared among all the study
investigators during an in-person meeting; comments
and suggestions which emerged during the meeting were
considered to draft a revised version. The revised version
was shared via e-mail among all members and further
improved. The second draft was translated back into
English, and compared it with the original English ver-
sion to develop the final ID-EC.
The ID-EC smart app was developed from the same
items of the paper form by a spin-off society, Smartly, and
reviewed by all the study investigators. The smart app can
be used on any Android or iOS electronic device and can
be downloaded from the Apple Store or Google Play Store
under the name ‘Rilevatore di Emicrania Cronica’. A link
to use the electronic version on computers is available at
https://fondazioneitalianastudiocefalee.it/rilevatore-di-emi
crania-cronica/.
Validation of the ID-EC
We included in the validation study all consecutive pa-
tients, aged 18 years or older, referring for the first time
to the study centers. The cost of visits and treatments is
covered, partially or totally, by the Italian National
Health Service. Subjects were excluded for unwillingness
to participate in the project, language barrier, or cogni-
tive disturbances affecting the capacity of filling in the
ID-EC questionnaire responses.
For each patient, we recorded age, sex, and headache
history, including frequency, duration, and previous clin-
ical evaluations for headache. Before in-person visits, pa-
tients self-administered the ID-EC paper or smart app
questionnaires (Fig. 2). Paper questionnaires were con-
sidered not valid and excluded from the study if unread-
able or containing contradictory information. In the case
of the smart app, answer input and questionnaire com-
pletion were guided. The paper questionnaire requires
the application of a diagnostic algorithm to reach the
diagnosis of possible CM [7]. In our study, this diagnos-
tic algorithm was applied either by the study investiga-
tors (case-finding) or by patients (self-diagnosis).
Conversely, in the case of the smart app questionnaire,
the app automatically applied the scoring algorithm and
provided a diagnosis without the need of applying the
diagnostic algorithm either by investigators or by pa-
tients. After ID-EC completion, headache experts
blinded to the questionnaire results assigned the clinical
headache diagnoses according to the criteria of Inter-
national Classification of Headache Disorders, III edi-
tion, beta version [8]; those diagnoses were used as the
gold standard for ID-EC validation. All the data were
collected using a Web-based form.
Acceptability
After compiling the ID-EC paper or smart app question-
naires, patients were asked to compile an acceptability
Fig. 1 Map of the study centers
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questionnaire containing 5 questions for the paper form
and 8 questions (i.e. the same of the paper form plus 3
additional ones) for the smart app version (Table 1).
Statistical analysis
Descriptive statistics are presented as mean ± standard
deviation, median with interquartile range, or absolute
numbers and proportions, as appropriate. We calculated
the sensitivity, specificity, negative predictive values
(NPV), and positive predictive values (PPV) of ID-EC by
matching clinical diagnoses with questionnaire data.
We estimated the study sample size using formulas
that take into account a clinically acceptable degree of
precision of the screening test, the hypothesized values
of sensitivity and specificity, and the estimated
prevalence of disease in the target population [9]. As-
suming a maximum clinically acceptable 95% confidence
interval width of 10%, an estimated CM prevalence of
30–50% in tertiary headache centers, and the 80.6% sen-
sitivity and 88.6% specificity of the ID-CM [7], we
deemed necessary a minimum sample size of 200 sub-
jects with CM in each part of the validation study.
Results
The paper form validation was performed from Novem-
ber 2017 to April 2018, while the smart app validation
was performed from April to September 2018.
Characteristics of patients
Table 1 reports the characteristics of the 532 subjects in-
cluded in the paper questionnaire validation study and
of the 427 subjects included in the smart app validation
study. The two study populations had different distribu-
tions of clinical headache diagnoses (Table 2). In both
study populations, the most prevalent disorder was epi-
sodic migraine with or without aura, followed by CM;
the prevalence of medication overuse headache without
CM, tension-type headache, other primary headaches,
and secondary headaches was relatively low in both pop-
ulations (Table 2).
Diagnostic accuracy
Among the 532 subjects included in the paper question-
naire validation study, 1 refused to complete the
Fig. 2 The IDentificatore di Emicrania Cronica (ID-EC)
Table 1 English translation of the acceptability questionnaire
Common to the paper and smart app questionnaires
Were the questions clear?
Were the questions appropriate with respect to your clinical problem?
Was the questionnaire complex?
Did you need help to complete the questionnaire?
Did you think the questions were confusing?
Specific to the smart app questionnaire
Are you at your ease in use of smartphones or tablets?
Would have preferred a paper questionnaire?
Were the questions easy to dial?
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questionnaire and 38 had an invalid questionnaire, while
all the 427 subjects included in smart app validation
study had valid and complete questionnaires. According
to the ID-EC, among the 493 paper version usable ques-
tionnaire, 218 (44.2%) met criteria for possible CM,
while among the 427 smart app questionnaires, 153
(35.8%) met criteria for possible CM (Table 3). Figure 3
reports the proportions of checked ID-EC boxes; notably,
in both the paper form and the smart app questionnaire
the first two boxes were checked by higher proportions of
patients compared with the last three boxes (Fig. 3).
The paper questionnaire had a 81.5% sensitivity, a
81.1% specificity, a NPV of 72.3%, and a PPV of 88.8%
for case-finding, based on the CM prevalence of 39.3%
in the headache centers (Table 4). The corresponding
values for self-diagnosis were 30.7%, 95.2%, 81.0%, and
67.3%, respectively (Table 4). Conversely, the smart app
had a 64.9% sensitivity, a 90.2% specificity, a NPV of
74.1%, and a PPV of 85.6%, based on the CM prevalence
of 47.3% in headache centers (Table 3). Among false
positive patients, the most common misdiagnoses were
episodic migraine without aura in both the paper
(39.7%) and smart app (52.4%) questionnaires (Table 5).
As some of the centers did not participate to the paper
form questionnaire validation, we repeated the analyses
for the smart app only including the centers which also
participated to the paper form validation; in the 418
remaining patients, the smart app had a 65.5% sensitivity,
a 90.4% specificity, a NPV of 74.5% and a PPV of 85.9%.
Acceptability
Acceptability questionnaires for the paper and for the
smart app questionnaires were returned by 502 (94.5%)
and 425 (99.5%) patients, respectively. In both studies,
most subjects (> 90%) found the questions clear and
appropriate, while only a small proportion of patients
(< 10%) reported them as complex or confusing and ad-
mitted to have required help for answering (Fig. 4).
Furthermore, most patients (> 90%) in the smart app
study found it easy to type the answers, would not
have preferred a paper questionnaire, and declared
themselves familiar with the use of smartphones and
tablets (Fig. 4).
Discussion
In the present study, we developed a paper and a smart
app version of the ID-EC, the Italian version of ID-CM.
Besides, our study proved the applicability of the CM
case-finding tool on widely available technological sup-
ports, including computers, smartphones, and tablets.
Table 2 Clinical data of the included subjects
Characteristics Paper version (N = 532) Smart app version (N = 427) P value
Female (no, %) 435 (81.2) 350 (82.0) 0.936
Age (mean ± SD) 42.0 ± 13.0 44.8 ± 14.1
Years from headache onset (mean ± SD) 23.6 ± 14.4 26.7 ± 15.2
Over-the-counter medication use (no, %) 466 (87.6) 336 (78.7) < 0.001
Previous consultations for headache (no, %) 341 (64.1) 323 (75.6) < 0.001
Previous specialist advice for treatment (no, %) 298 (56.0) 297 (69.6) < 0.001
Clinical diagnoses (no, %)a
Episodic migraine
Without aura 260 (48.9) 177 (41.5) 0.022
With aura 48 (9.0) 33 (7.7) 0.474
Chronic migraine 209 (39.3) 202 (47.3) 0.013
Episodic tension-type headache 17 (3.2) 18 (4.2) 0.403
Chronic tension-type headache 20 (3.8) 5 (1.2) 0.012
Other primary headache 41 (7.7) 20 (4.7) 0.057
Secondary headache 12 (2.3) 5 (1.2) 0.206
aresults may add up to over 100% due to possible comorbidities
Table 3 Data matching of questionnaires and clinical diagnoses
No. of patients Chronic migraine
(clinical)
No Chronic
migraine (clinical)
Total
Paper version
Chronic migraine 150 68 218
No Chronic migraine 35 240 275
Total 185 308 493
Smart app version
Chronic migraine 131 22 153
No Chronic migraine 71 203 274
Total 202 225 427
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The case-finding sensitivity and specificity of the paper
questionnaire were higher than 80%, in line with the ori-
ginal ID-CM [7]. The smart app version had a lower but
acceptable sensitivity paralleled by a higher specificity;
thus, the smart app version works better to exclude CM
diagnosis in case of a negative result. The different diag-
nostic accuracy of the paper questionnaire compared
with the smart app might be attributed to the different
composition of the study populations, as the paper ques-
tionnaire validation study population had a higher preva-
lence of CM and a lower proportion of patients without
previous headache referral or treatment compared with
the smart app study population. Notably, the ‘frequency’
box of the questionnaire was checked by a higher pro-
portion of patients in the paper questionnaire of the
ID-EC compared with the smart app, which might also
have influenced the test sensitivity. Besides, some of the
study centers participated in the smart app but not in
the paper questionnaire validation study because of
delayed approval from Ethics Committees; however,
after the exclusion of the patients included by the
centers with delayed approval from Ethics Commit-
tees, the smart app validation results remained the
same, possibly because of the limited number of
Fig. 3 Proportions of boxes checked in the ID-EC paper (a) and smart app (b) questionnaires
Table 4 Diagnostic accuracy of the ID-EC paper and smart app
questionnaires
Sensitivity (%) Specificity (%) NPV (%)a PPV (%)a
Paper version 81.5 81.1 72.3 88.0
Smart app version 64.9 90.2 74.1 85.6
English version [7] 80.6 88.6 75.0 91.5
NPV indicates negative predictive value, PPV positive predictive value
aassuming a prevalence of CM of 39.3% in paper versions and 47.3% in smart
app validation
Table 5 Clinical diagnosis distribution of false positive patients
Clinical diagnosis (no, %) Paper version
(N = 68)
Smart app version
(N = 22)
Episodic migraine
Without aura 27 (39.7) 11 (50.0)
With aura 3 (4.4) –
Medication overuse headache 14 (20.6) 4 (18.2)
Episodic tension-type headache 15 (22.1) –
Chronic tension-type headache 6 (8.8) –
Other primary headache 3 (4.4) 7 (31.8)
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excluded patients. The different volumes of activity of
the study centers and seasonal variations might also
have influenced the study results.
The relatively low sensitivity of CM self-diagnosis in
our study suggests that the paper form of the ID-EC
should be limited to clinical settings, where the diagnos-
tic algorithm can be checked by trained personnel. Con-
versely, the smart app version might be suitable as a
self-diagnostic tool in the general population without
any specific support, as it performs an accurate auto-
matic scoring which considerably improves self-diagno-
sis. In fact, also the self-diagnostic accuracy of the paper
questionnaire might be increased by providing cues for
self-application of the diagnostic algorithm and making
the questionnaire completion mandatory.
Both the paper and the smart app questionnaires may
improve CM detection by physicians not familiar with
CM diagnosis, thus contributing to overcome the bar-
riers to CM care. Indeed, data from the American Mi-
graine Prevalence and Prevention (AMPP) Study showed
that only 56% of participants meeting the diagnostic cri-
teria for migraine had ever received a migraine diagnosis
from a health care professional [10], and the percentage
was even lower (20%) when CM diagnosis was consid-
ered [10]. Besides, data from the longitudinal Chronic
Migraine Epidemiology and Outcomes (CaMEO) Study
[11] proved that only a minority of participants with CM
(13.6%) reported consulting a specialist for diagnosis and
treatment of migraine [12], and even among patients
with CM who consulted a specialist, only 36% reported
receiving an appropriate diagnosis [12]. A multicenter
study indicated that also in Italy, migraine is underdiag-
nosed and undertreated [13]. In fact, the diagnosis of mi-
graine is missed even when patients seek for medical
advice, mostly when referring to general practitioners.
Enhancing CM detection is relevant because CM im-
poses a substantial burden on individuals, families and
society. Indeed, the International Burden of Migraine
Study (IBMS) reported the mean headache-related direct
costs over a 3-month period for individuals in United
States with costs for those with CM were notably higher
at $1036/person [14]. These findings are consistent with
those from the AMPP, which reported per person annual
total cost for CM of $1757 [15]. According to IBMS
Study, in Italy the annual individual cost of CM is more
than 3 times higher than that of EM (€ 2669.80 vs €
828.52) [16].
The study has some limitations. The studied popula-
tion largely differs from the general population, be-
cause of a high CM prevalence and a long history of
headache, with many consultations and treatment fail-
ures before first referral to tertiary headache centers.
We chose to develop and validate the ID-EC in those
centers because they are held by headache experts able
to develop diagnostic tools according to their wide
clinical knowledge; however, the ID-EC is intended for
use in general practices, where headache experts are
lacking and the prevalence of CM is lower compared
with tertiary headache centers. In general practices,
physicians might be less accurate in data collection
compared with headache experts; however, the use of
automatic scoring provided by smart app might help
non-expert physicians to select their patients for ap-
propriate referral. Besides, patients in general prac-
tices are more frequently treatment-naïve compared
with those referring to tertiary headache centers;
therefore, despite a lower CM prevalence, they might
self-diagnose CM with reasonable accuracy, as they
are less influenced by previous prescriptions. To test
those hypotheses, further studies are needed in general
Fig. 4 Results of acceptability questionnaires for the ID-EC paper and smart app questionnaires. Proportions refer to affirmative answers
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practices to improve the identification and manage-
ment of CM patients.
Conclusions
Our findings suggest the validity and acceptability of the
ID-EC, the Italian version of the ID-CM developed as a
paper and a smart app questionnaires, as a case-finding
tool for CM. Our study prompts the assessment of the
diagnostic accuracy of the tool in general practices. The
high acceptability of ID-EC and the availability of a smart
app warrant its potential large-scale implementation.
Abbreviations
AMPP: American Migraine Prevalence and Prevention; CaMEO: Chronic
Migraine Epidemiology and Outcomes; CM: Chronic migraine;
IBMS: International Burden of Migraine Study; ID-CM: Identify Chronic
Migraine; ID-EC: IDentificatore di Emicrania Cronica; NPV: Negative predictive
value; PPV: Positive predictive value
Acknowledgements
None.
Funding
This project was supported by an unrestricted grant from Allergan Italy to
the Fondazione Italiana per lo Studio delle Cefalee (FISC).
Availability of data and materials
Original data of the present study are available from the corresponding
author upon reasonable request.
Authors’ contributions
SS: coordinated the project, drafted the manuscript, recruited patients,
contributed to the development of the questionnaires. RO: drafted the
manuscript, performed statistical analysis. PM conceived the project,
contributed to the development of the questionnaires, revised the
manuscript for important intellectual content. All the other authors
contributed to recruitment of patients, contributed to the development of
the questionnaires, revised the manuscript for important intellectual content.
All authors read and approved the final manuscript.
Ethics approval and consent to participate
The study was approved by the local Ethics Committee of each of the 9
participating tertiary Headache Centers. Each participant in the study signed
an informed written consent.
Consent for publication
Not applicable.
Competing interests
SS: Allergan, Novartis, TEVA, Eli Lilly; SB: IBSA; SC: none; GC: none; PC: none;
FDC: Allergan, Angelini, Lusofarmaco; RDI: none; CDM: none; CDL: none; PG:
Allergan, Eli Lilly, IBSA, Chiesi, Novartis, TEVA; AM: none; AN: Allergan,
Novartis; RO: none; GP: none; FP: Novartis, Teva; LP: none; LAP: none; FP:
none; MPP: Novartis, Teva, Almirall; AR: Allergan, Novartis, Teva; GS: Allergan,
Novartis, Teva, Eli Lilly, Alder, IBSA; VT: none; CT: Allergan, Electrcocore, Eli
Lilly, Novartis, Teva; GT: Allergan, Novartis, Teva, Sanofi, Biogen; MT: none; PM:
Allergan, Amgen, Novartis, Teva.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Applied Clinical Sciences and Biotechnology, Section of
Neurology, University of L’Aquila, L’Aquila, Italy. 2Department of Health
Sciences, Section of Clinical Pharmacology and Oncology, University of
Florence, Florence, Italy. 3IRCCS Institute of Neurological Science of Bologna,
Bologna, Italy. 4Department of Medico-Surgical Sciences and
Biotechnologies, Sapienza University Polo Pontino, Latina, Italy. 5Department
of Biomedical and Neuromotor Sciences, University of Bologna, Bologna,
Italy. 6Headache Science Center, IRCCS C. Mondino Foundation, Pavia, Italy.
7Department of Clinical and Molecular Medicine, Regional Referral Headache
Centre, Sant’Andrea Hospital, Sapienza University, Rome, Italy. 8Department
of Basic Medical Sciences, Neurosciences and Sense Organs, University of
Bari, Bari, Italy. 9IRCCS NEUROMED, Pozzilli, IS, Italy. 10Headache and Drug
Abuse Research Centre, Policlinico Hospital, University of Modena e Reggio
Emilia, Modena, Italy. 11Headache Center, Department of Medical, Surgical,
Neurological, Metabolic and Aging Sciences, University of Campania “Luigi
Vanvitelli”, Caserta, Italy. 12Department of Brain and Behavioral Sciences,
University of Pavia, Pavia, Italy.
Received: 30 October 2018 Accepted: 24 January 2019
References
1. Natoli JL, Manack A, Dean B, Butler Q, Turkel CC, Stovner L, Lipton RB (2010) Global
prevalence of chronic migraine: a systematic review. Cephalalgia 30:599–609
2. Scher AI, Stewart WF, Liberman J, Lipton RB (2013) Prevalence of frequent
headache in a population simple. Headache 43:336–425
3. Blumenfeld AM, Varon SF, Wilcox TK, Buse DC, Kawata AK, Manack A,
Goadsby PJ, Lipton RB (2011) Disability, HRQoL and resource use among
chronic and episodic migraineurs: results from the international burden of
migraine study (IBMS). Cephalalgia 31:301–315
4. Stewart WF, Wood GC, Manack A, Varon SF, Buse DC, Lipton RB (2010)
Employment and work impact of chronic migraine and episodic migraine. J
Occup Environ Med 52:8–14
5. Diener HC, Limmroth V (2004) Medication overuse headache: a worldwide
problem. Lancet Neurol 3:475–483
6. Bigal ME, Serrano D, Reed M, Lipton RB (2008) Chronic migraine in the
population: burden, diagnosis, and satisfaction with treatment. Neurology
71:559–566
7. Lipton RB, Serrano D, Buse DW, Pavlovic JM, Blumenfeld AM, Dodick DW,
Aurora SK, Becker WJ, Diener H-S, Wang S-J, Vincent MB, Hindiyeh NA,
Starling AJ, Gillard PJ, Varon SF, Reed ML (2016) Improving the detection of
chronic migraine: development and validation of identify chronic migraine
(ID-CM). Cephalalgia 36:203–215
8. Headache Classification Committee of the International Headache Society
(IHS) (2013) The international classification of headache disorders, 3rd
edition (beta version). Cephalalgia 33:629–808
9. Buderer NMF (1996) Incorporating the prevalence of disease into the sample
size calculation for sensitivity and specificity. Acad Ernerg Med 3:895–900
10. Lipton RB, Serrano D, Holland S et al (2013) Barriers to the diagnosis and
treatment of migraine: effects of sex, income, and headache features.
Headache 53:81–92
11. Adams AM, Serrano D, Buse DC et al (2015) The impact of chronic migraine:
the chronic migraine epidemiology and outcomes (CaMEO) study methods
and baseline results. Cephalalgia 35:563–578
12. Buse DC, Lipton RB (2013) Global perspectives on the burden of episodic
and chronic migraine. Cephalalgia 33:885–890
13. Cevoli S, D'Amico D, Martelletti P, Valguarnera F, Del Bene E, De Simone R,
Sarchielli P, Narbone M, Testa L, Genco S, Bussone G, Cortelli P (2009)
Underdiagnosis and undertreatment of migraine in Italy: a survey of patients
attending for the first time 10 headache centres. Cephalalgia 29:1285–1293
14. Stokes M, Becker WJ, Lipton RB, Sullivan SD, Wilcox TK, Wells L, Manack A,
Proskorovsky I, Gladstone J, Buse DC, Varon SF, Goadsby PJ, Blumenfeld AM
(2011) Cost of health care among patients with chronic and episodic
migraine in Canada and the USA: results from the international burden of
migraine study (IBMS). Headache 51:1058–1077
15. Munakata J, Hazard E, Serrano D, Klingman D, Rupnow MF, Tierce J, Reed M,
Lipton RB (2009) Economic burden of transformed migraine: results from
the American migraine prevalence and prevention (AMPP) study. Headache
49:498–508
16. Bloudek LM, Stokes M, Buse DC, Wilcox TK, Lipton RB, Goadsby PJ, Varon SF,
Blumenfeld AM, Katsarava Z, Pascual J, Lanteri-Minet M, Cortelli P, Martelletti
P (2012) Cost of healthcare for patients with migraine in five European
countries: results from the international burden of migraine study (IBMS). J
Headache Pain 13:361–378
Sacco et al. The Journal of Headache and Pain           (2019) 20:15 Page 7 of 7
